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Uranium potential of the Adirondack Region
by C. J. Nutt
ABSTRACT

There has been littlé recent exploration for uranium in the Precambrian
granitic and metamorphic terrain of the Adirondack region, although uranium
mineralization is known to occur in pegmatites and to be associated with
magnetite ore. The Adirondack geologic setting is similar to the Precambrian
Grenville Province of Canada{ which contains uraniferous pegmatites, and to
the New York-~New Jersey.Hudson Highlands, where ore-grade uranium
concentrations are commonly associated with magnetite bodies. The uraniferous
pegmatites of the Adirondack Lowlands:are in the carbonate-—dominated Grenville
Complex which is host to the ?raniferous pegmatites in Bancroft, Canada.
Although Bancroft pegmatitesl£ave been sgccessfully mined, the tonnage of
individua; pegmatites in the Adirondacks is too low to encourage future
exploration. The uraninite associated with magnetite ore is primarily in
accessory minerals, and is‘not concentrated in ore tonnages. Leucogranitic
gnelss and unconformities are considered possible uraniferous environments,
but no uranium enrichment has been identified in these settings. It is
concluded; therefore, that there is little potential for lé;ge uranium

deposits in the Adirondacks.



INTRODUCTION

The uranium occurrences of the Adirondacks have received little
attention. Recent U.S. Geological Survey work on this subject has been
limited to field checks of previously reported uranium occurrences_(Grauch and
Zarinski, 1976) and cursory field examination of favorable environments. This
paper consolidates available information, places known/occurrences into a
geologic framework, identifies possible uranium environments, and evaluates
the possibility of significant uranium concentrations. This evaluation is
part of the U.S. Department of Energy World Class program, and is based on a
search of_the literature and reconnaissance examination of surface
exposures. It should be noted that a few companies are currently active in
the area, and that detailed geochemical and geophysical studies and drilling
may modify the.;uthor’s conclusions.

~ GEOLOGIC SETTING

The Adirondack region is an extension into New York State of the
Crenville Province of the Canadian Shield (fig. 1). It consists of
Precambrian 1ntrusives.and supracrustal rocks, which were subjected to
amphibolite to granulite facies metamorphism during the Greqville_orogeny,
about 1000-1250 m.y. ago (Doig, 1977). The Adirondack area is divided into
two sections, the highlands, which consist of mountainous terrain, and the
lowlands, which consist of low-relief ridges and valleyé on the northwestern
edge of the Adirondack Mountains.

The highland rocks are granulite facies metamorphic and intrusive
rocks. Anorthosite, gabbroic anorthosite, and charnockite form the core
complex of the mountainous area and underlie the high’peaks of the
Adirondacks. Igneous rocks, high-grade gneisses, and ‘subordinate

metasedimentary rocks surround the core. Dating of charnockite gneiss
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assoclated with anorthosite indicates the age of the core complex is
approximately 1130 m.y. (Silver, 1969).

The lowlands are underlain by the 1200-1700(?) m.y. Grenville Complex
(Brown, 1980), which was metamorphosed in the lower to upper amphibolite
facies during the Grenville orogeny (Wynne-Edwards, 1972). The major rqck
types are marble and calc-silicates, interlayered with paragneiss,
amphibolite, and leucogranitic gneiss. Granites and gabbros intrude the
metasedimentary focks, but are much less important volumetrically than in the
highlands. The Adiroqdack Lowlands are part of the Central Metasedimentary
Belt of the Grenville P;ovince (Wynne~-Edwards, 1972).

The Adirondacks have been subjecFed to complex folding. In the lowlands
a northeast structural trend dominates, but at least three major directionmns of
deformation have been identified (Romey and others, 1980). In contrast to the
ductile folding and plastic flow of rocks in the lowlands, the rocks in the
highlan&s'weré cataclastically deformed as well as folded. The rigid core
complex affected folding, causing the surrounding rocks to conform to the
outline of the complex. M&ltiple fold sets are also recognized in the
highlands. The highland-lowland boundary is a major strﬁctural feature,
although its origin is uncertain. Suggestions include that it is a change in
metamorphic grade along which subsequent shearing and displacement occurred
(Engel and Engel, 1958) or that it is the axial surface of a large-scale nappe
structure (Romey and others, 1980).

URANIUM EVALUATION

Few uranium occurrences are known in the Adirondacks; those reported by
Grauch and Zarinski (1976) are shown on figure 1 and in table l. The
Adirondack rock types are, however, similar to those iP the uraniferous

terrains of the Grenville Province of .Canada and in the Hudson Highlands



ADIRONDACK REGION
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Figure 1.--Adirondack uranium occurrences and sample localities. Descriptions
of the occurrences and localitites are given in tables 1 and 2. Uranium
occurrences are shown as follows: () uraniferous pegmatites; 4\ magnetite-
uranium associations, [-] uranium-rich segregations. Uranium occurrence
localities are from Grauch and Zarinski (1976).
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(Grauch, 1978, Grauch and Zarinski, 1976) and all three Precambrian areas are
part of the Grenville Orogenic Belt (Wynne-Edwards, 1972). Therefore,
evaluation of the uranium potential of the Adirondacks will 1nc1u§e comparison
with known uraniferous environments in Canada and the Hudson Highlands.
Possible rock types and structures with uranium enrichment are pegmatite?
leucogranitic gnelss, magnetite ore, and unconformities.
Pegmatites

The predominant type of radiocactive occurrence in the Adirondacks is
uraniferous pegmatite (fig. i). These pegmatites are in the same structural
province as Canadian uraniferous pegmatites, which have been well
documented. This paper will summarize the work on the Canadian pegmatites and
the genetic models which have‘been developed, and then evaluate the Adirondack
uraniferous pegmatites. The &anadian review 1s based primarily on work by
Bateman.(1955), Satterly (1956), Robinsoﬁ (1960), Evans (1964), Wynne-Edwards
(1972), Little and others (1972), Little (1974), Bright (1976), Gorden and
Masso? (1977,1978), Masson and Gorden (1979), Ruzicka (1979), and Allen
(1980). Only specific-det;ils have been referenced in the summary of Canadian
pegmatites.

Canadian Pegmatites

The Canadian uraniferous pegmatites are located in the Grenville Province
of the Precambrian Shield, predominantly within the Central Metasedimentary
Belt. The best known and most economically important are located near
Bancroft, Ontario; these a}e part of a uraniferous pegmatite belt extending
from Bancroft to about 100 km north of Mount Laurier, Quebec, (Allen, 1980).
Other radioactive occurrences in what may be correlative metasedimentary rocks

are clustered along the north shore of the Gulf of St{ Lawrence.
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Most pegmatites are within the Grenville Coﬁplex, which consists of
metamorphic carbonateé, calc~silicates, quartz-silicates, quartzites,
paragneiss, and metavolcanic rocks (Wynne-Edwards, 1972). These rocks
unconformably overlie the Archean(?) to middle Precambrian(?) gneissic
basement (Wynne-Edwards, 1972; Lumbers, 1975). Granites and syenites intrude
the Grenville Complex and are common in the vicinity of uraniferous
pegmatites.

The pegmatites are hete;ogeneous, varying in composition from granite to
syenite; the composition may be dependent onrenclosing rock types (Allen,
1980). Uraniferous zoned and unzoned pegmatites occur in the region, but
economic grades of uranium have been‘found only in red unzoned pegmatites.
The red color is the result og extensive hematitization. The principal
uranium minerals are uraninite and uranothorite, which have Pb-isotope dates
of 950-1070 m.y. (Robinson, 1960). Recently determined Rb-Sr whole rock
pegmatite ages are in the range 950-970 m.y. (Fowler and Doig, 1979).

’ Uranium mineralization is broadly stratigraphically controlled, but
concentration is defined by structure and lithology (Masson and Gorden,

1979). 1In the Bancroft area, uraniferous pegmatites occur within a broad
carbonate—fich sedimentary sequence in the middle of the Grenville
stratigraphic section (Gorden and Masson, 1978). Small uraniferous
metasomatic or stratabound occurrences and calcite-fiuorite-apatite-rich veins
also appear to be most common in this horizon. Within the pegmatites, uranium
mineralization is erratically distributed, but it tends to be concentrated in
shattered zones and along the margins of the pegmatites. Uranium is commonly
associated with clots of ferromagnesian minerals.

Grenville Province pegmatites and associated occurrences contain two

percent of Canada’s total uranium ressafces (Ruzicka, 1979); however, this



percentage may decrease as Canada develops its rich unconformity-type uranium
deposits in Saskatche&an. In the Bancroft area, pegmatites are minable only
where several occur together. In the Baie Johan Beetz area, along the north
shore of the Gulf of St. Lawrence, the resources are in granite containing
100-200 ppm uranium (Ruzicka, 1979).

There are presently two major models for the orig£n of Canada’s
uraniferous pegmatites. These are as follows:

l. Igneous pegmatites — There is a spatial relationship between pegmatites

and granitic intrusions, suggesting the pegmatites were derived from the
intrusions. Recent work, however, indicates these granites are older than the
pegmatites (Fowler and Doig, 1979). Fowler and Doig propose that the
pegmatites are related to nearby younger, alkaline intrusions.

2. Anatectic pegmatites -~ Anatexis of uraniferous strata has been proposed

as the mechanism of pegmatite formation (Bright, 1976; Gorden and Masson,
1977, 1978; Allen, 1980); this proposal is similar to the model for the
Rossing, Namibia, deposit (Berning and others, 1976). The uranium source rock
is envisioned as an exéensive unit, which explains the occurrence of
pegmatites throughout the province. Varying pegmatite cqmpgsi;ions are the
result of differing amounts of melting, compositional variations in source
rocks, and assimilation of wall rocks. The anatexis theory can be used to
relate the seemingly different uraniferous granite af B#ie Johan Beetz and the
Bancroft pegmatites. At Baie Johan Beetz, the uraniferous granite was derived
from sediments by anatexis or autometamorphism, according to Mackie (1978) and
Hauseux (1977); uranium in the sediments was remobilized into fold axes, but
remained within the unit. In the Bancroft and Mekoos.areas, anatectic
pegmatites and uranium have risen from their source area during

ultrametamorphism. Allen (1980) sugéésts that the uranium and pegmatites
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originated in an arkosic unit overlying the unconformity separating Archean(?)
from late Proterozoic rocks.

Many workers have noted that the uraniferous pegmatites have some
replacement textures and that mineralization is in cataclastic zones and along
pegmatite margins. Masson and Gorden (1979) have suggested that uranium
concentration occurred during a hypogene deformational-hydrothermal event;
uranium enriched fluids moved along tectonized zones in recrystallizing or
recently crystallized pegmatites. This may explain the extensive
hematitization of uraniferous pegmatites, the association of deformed
pegmatites and uranium‘mineralization, and the fact that pegmatite ages are
younger than the 1100-1200 m.y. age of granites ahd.peak Grenville orogeny in
Canada (Wynne—-Edwards, 1972). The Mont Laurier pegmatites show few
hydrothermal or alteration egfects; this lack of hydrothermal effects
correlates with low economic potential of the pegmatites. The idea of
hydrothérmal enrichment is compatible with either model, as the fluids could
represent late stage anatectic or igneous activity.

\

Adirondack Pegmatites .

Adirondack uraniferous pegmatites are in the Grenville Province, as are
the Canadian pegmatites. Two are in marble of the Grenville Complex in the
Adirondack Lowlands (fig. 1); they are, however, east of the Bancroft-Mont
Laurier belt. The other pegmatites are in the Adirondack Highlands and are
associated with granulite facies gneisses and intrusive rocks. The Port
Leyden area contains a cluster of radioactive occurrences of pegmatites and
uraniferous lenses and segregations (fig. 1), and is analogous to the Bancroft
area with its concentration of pegmatites and scattered metasomatic or

stratabound uranium occurrences.
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By analogy with productive districts in Canada, the Adirondack Lowlands
have the most potential for uraniferous pegmatites. The existence of two
uraniferous pegmatites in the reglon supports this hypothesis; the scarcity of
discovered radioactive pegmatites may only reflect the dense vegetation and
the lack of intense exploration efforts. The lowlands consist of Earboqate-
rich metasediments, which are the eastern extension of ' the Canadian
carbonates, and granitic intrusions. Hypothesized uraniferous strata '
underlying Canadian pegmatites could also be present in the Adirondacks.
There afe, however, impprtan£ differences between the Canadian and Adirondack
metasedimentary belts, including the lack of late alkaline intrusions in the
Adirondacks and the absence of identified basement rocks in the region.

‘The general lack of uran}ferous pegmatites in the Adirondack Highlands
suggests an original scarcity of uraniferous strata or intrusiomns, a
stfatig;aphically different position thaﬁ the metasedimentary uraniferous
sections,Aor escape of uranium from tﬁe rocks during the extreme metamorphism
which affected the area. The few pegmatites that do occur are located along
the margins of the Adirond;cks. There are no uranium occurrences associated
with the core complex. The Port Leyden area is enigmatic, in that it is
uraniferous and is within the Adirondack Highlands. Smaii;”spherical
uraninite grains are common in sphene and apatite-rich rocks (table 25, and
are generally associated with clinopyroxene and sphene; these relations are
similar to the occurrence of uraninite in rocks of the Hudson highlands
(Grauch, 1978; oral commun., 1980).

It is unlikely that Adirondack uraniferous pegmatites could be
economically developed. The Canadian pegmatites are profitable only where
they occur in swarﬁs and can be mined concqrrently; ihe known Adirondack

-uraniferous pegmatites are scattered;-even in the uraniferous Port Leyden
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area. Considering the private land and park status of much of the Adirondack
region, the fact that there are no nearby processing mills, and theilow
tonnage of pegmatites, it appears neither practical nor profitable to explore
for uraniferous pegmatiteé.

Unconformity-type Deposits

There are no'known unconformity-type uranium occurrences within the
Grenville Province. There is, however, a regional unconformity separating
Adirondack Precambrian rocks and the surrounding Paleozoic rocks, and theré
may be upconformitigs_w;thin‘;he Precambrian section. Since Precambrian
unconformity-type deposits contain important reserves in Canada and Australia,
this paper will examine the possibilipy of such an occurrence in the
Adirondacks, using the criter%a of Kalliokoski and others (1978). Kalliokoski
and others (1978)4emphasize t%at unconformity~related deposits occur near
tegiona} unconformities separating an oléer metamorphic terrain and an
overlying.thiék sandstone unit. The metamorphic rocks are Archean to middle
Proterozoic gneisses and schists of marine origin. The overlying
unmetamorphosed sandstone &nits are middle to late Proterozoic in age, and
were deposited in a fluvial environment.

The Precambrian-Paleozoic unconformity is similar té u}gniferOus
unconformities in that it is regional in extent and is the contact begween a
metamorphosed carbonate~bearing marine sequence and an overlying thick
sandstone unit. There are also important differences; the overlying Potsdam
Sandstone is Cambrian, not Proterozoic, and is of shallow marine origin, not
continental fluvial (Selleck, 1980). These characteristics and the lack of
known uranium anomalies associated with the unconformity indicate it is not a

favorable uranium environment.
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Recent work in the Adirondacks suggests there may be unconformities
within the Precambrian metamorphic sequence (Walton and deWaard, 1963). The
evidence for unconformities is equivocal, but metamorphism may have obscured
the features and affected isotope dates. Any unconformity-type mineralization
in the Adirondacks would have been metamorphosed and probably remoBilize§
during the Grenville orogeny. The lack of uranium anomalies in the highlands
suggest it is improbable that a remobilized deposit underlies the terrain. In
addition, meta-sandstone units of the Grenville Complex are commonly
interlayered with carbonates'and are thought to be of marine, not fluvial,
origin. It is concluded that the occurrence of unconformity-type uranium
deposits is unlikely, although not impossible. Futtper work on this uranium
environment would be facilita?ed by definite identification of unconformities.

- ieucogranitic Gneiss

The leucogranitic gneiss unit of the Adirondacks is the squect of much
debate. Buddington and Leonard (1962) thought the unit was a volatile-rich,
late stage granitic differentiate, but a volcanogenetic origin has recently
been proposed by Carl and Gan Diver (1975). Either environment is favorable
for uranium enrichment, as late-stage differentiates are known to be enriched
in uranium and Grauch (1978) has proposed a volcanogenetic model for uranium
concentration in the Hudson Highlands. However, chemical analyses show that
although the leucogranitic gneisses have high thorium content, there is no
uranium enrichment (table 2). This suggests that the leucogranitic gneiss was
originally low in uranium or that uranium has been lost from the rocks.

Magnetite Ore

Uranium is associated with magnetite deposits in the Adirondack

Highlands, where it is usually found with rare-earth-bearing minerals such as

apatite or allanite (fig. 1). Uranium-is not present in high concentrations
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in these magnetite bodies. The occurrences are interesting in that they are
similar to magnetite-uranium associations in the Hudson Highlands where ore-
grade concentrations of uranium do occur (Grauch, 1978).
CONCLUSION
The amphibolite to granulite facies terrain of the Adirondacks is similar

to that of uraniferous regions in Canada and in the Hudson Highlands, and
anomalously high concentrations of uranium are found in pegmatites and in
magnetite deposits in the Adirondacks. There are not, however, any known
large uranium depositg in the Adirondacks. It may be that the smail uranium
occurrences are 1ndicative of vein-type or stratabound uranium concentrations
at depth. It is thoﬁght, however, that there is a lack of large uranium

1

concentrations in the Adirondacks, which suggests that the Adirondack region
was originally.impoverished iL uranium, that uranium escaped from the rocks
during the high grade metamorphism, that uraniferous rocks have been eroded,
or that’sdme brocess affecting and enriching the other Precambrian regions did
not occur in the Adirondacks. It is concluded that although uranium
concentrations are presentl they are too small to be developed.
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